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Description 

BACKGROUND OF THE INVENTION 

The present invention relates to a cold accumulating material for accumulating extremely low temperature cold 
used in refrigerators and the like, 

More particularly, the present invention relates to an extremely low temperature cold accumulating material im- 
proved in mechanical strength and in chemical stability, having sufficient resistance to thermal shock and vibrations 
applied during operation and free from the risk of pulverizing into fine particles to make aeration of the refrigerant 
difficult, and relates to a method of manufacturing this cold accumulating material. 

Recently, the superconduction technology has been remarkably developed for wide application to magnetic floating 
trains, stratigraphy diagnosis apparatus based on nuclear magnetic resonance, and the ultra high vacuum technology 
also has been developed for application to cryopumps for VLSI pattern transfer apparatus. With the coming of an era 
in which the super low temperature technology will be put into practical use, the development of smaller high-perform- 
ance refrigerators for practical use is being promoted. In particular, the importance of refrigeration/cooling technology 
for providing an atmosphere at about the absolute zero degree (-273°C) in which superconducting electromagnets and 
high vacuum forming cryopumps for semiconductor manufacture apparatus can operate is increasing, and the provision 
of refrigerators improved in reliability as well as in characteristics is expected. 

Conventionally, for superconducting MRI (nuclear magnetic resonance imaging) apparatus for taking stratigraphic 
photographs in medical fields, a Gifford-MacMahon type of small helium refrigerator (GM refrigerator), for example, is 
employed to cool a superconduction electromagnet by using liquid helium. 

The GM refrigerator has a construction based on a combination of a compressor for compressing He gas, an 
expansion unit for expanding the compressed He gas and a cold accumulating unit for maintaining the cooled state of 
the He gas cooled in the expansion unit. The GM refrigerator effects cooling by expanding He gas compressed with a 
compressor in about 60 cycles per minute to cool the cooled system through an extreme end portion of the expansion 
unit. 

Ordinarily, cold accumulating units of conventional refrigerators are constructed by packing at a high density a 
granular cold accumulating material mainly constituted by copper or lead as a main constituent or by packing multiple 
layers of meshlike cold accumlating members. 

However, the volumetric specific heat of such a cold accumulating material or member formed of copper or lead 
abruptly decreases in the extremely low temperature range below 20 K (-253°C ), as shown in Fig. 7 A. It is difficult to 
reduce the ultimate cooling temperature by using such a material. That is, where lead is used, the cold accumlating 
effect is lost in the temperature range below 10 K (-263°C). Thus, the lowest temperature attainable with the conven- 
tional cold accumulating materials is considered to be 10 to 9 K. 

The inventors of the present invention have eagerly studied to solve this problem, have developed a cold accu- 
mulating material having a large volumetric specific heat in an extremely low temperature range, and proposed this 
material in Japanese Patent Application No. 63-1 35 741 . 

The cold accumulating material packed in the low temperature heat accumulator of this application is formed of a 
magnetic material which is a chemical compound constituted by a rare earth element and Ni, Co or Cu and having a 
large volumetric specific heat in an extremely low temperature range. 

It was found that specifically erbium 3 nickel (Er-Ni 1/3 ) has a volumetric specific heat generally equal to that of lead 
in the temperature range of ordinary temperature down to 1 5 K (-258°C) but has a specific heat characteristics superior 
than that of lead in the extremely low temperature range below 15 K, as shown in Fig. 8 A. 

Ordinarily, conventional cold accumulating materials formed of such magnetic materials have been manufactured 
by a plasma spray gun apparatus such as that shown in Fig. 9. 

This plasma spray gun apparatus 100 forms a plasma jet 105 of argon gas 104 by utilizing an arc discharge 
between an anode 102 and a cathode 103 and is supplied to a powdery raw material 106 which has been previously 
formed from ingot by mechanical pulverization so as to have a predetermined particle size. A surface portion or the 
whole of each particle of the supplied powdery raw material 106 is melted by heating it with the plasma and is simul- 
taneously dispersed by the plasma jet 1 05. Each raw material particle is rapidly cooled and solidified while flying through 
a vacuum chamber 107 to be formed into the shape of a spherical particle 1 08. 

This rounding enables the cold accumulating material to be packed in the cold accumulating unit at a large density. 

Cold accumulating material particles prepared by the conventional plasma spray method, however, are essentially 
formed of a brittle intermetallic compound formed from a rare earth element and a metal such as nickel and have fine 
irregularities in their surfaces from which make the particles easy to crack. Moreover, micro-segregation occurs at grain 
boundaries and in grains. The strength of the particles is therefore small. The particles tend to be further pulverized 
by thermal shock, vibration, cooling gas flows and so on during refrigerator operation, and their effect is considerably 
disadvantageous. The cold accumulating material thereby reduced in size may clog in the cold accumulating unit and 
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increase the resistance to the passage of He gas, which is the operating fluid. On the other hand, it may enter the 
compressor with the He gas to produce wear on the parts thereof. 

Also, particles formed by this method are not uniform in shape and the particle size ranges very widely. Many of 
them have a large aspect ratio (ratio of major diameter to minor diameter), and the proportion of particles having a 

s small size is particularly large. Actually, for cold accumlating particles packed into the cold accumulating unit, an ad- 
ditional classification step for removing excessively fine particles is required, which presents a problem in terms of 
economy. That is, the yield of the cold accumulating material relative to the raw material is very small, about 30 %, and 
the efficiency at which expensive rare earth elements are utilized is small. Moreover, since the shape of the particles 
is not uniform, the density at which the cold accumulating material is packed in the cold accumulating unit is restricted 

10 and the cold storing efficiency is low. 

According to the conventional plasma spray method, a cold accumulating material is formed from a raw material 
prepared by roughly pulverizing a cast alloy of a rare earth element and a metal by mechanical pulverization based 
on, for example, the stamping method into particles having a comparatively large size. There is therefore much seg- 
regation due to non -uniformity of the amount of melt inside and outside each particle, and the dispersion of the particle 

15 structure or composition depending upon the cast structure is large. 

Specifically, in the plasma spray method, it is difficult to control the processing temperature, and the plasma gen- 
eration temperature is extremely high. There is a possibility of some raw material components being evaporated at the 
variable and high processing temperature to further increase the non-uniformity of the structure. Accordingly, the pos- 
sibility of formation of local electric cells in each particle is strong. Particle portions containing electric cells tend to 

20 oxidize and corrode faster. Thus, particles formed by this method are inferior in chemical stability. 

The surfaces of cold accumulating material particles prepared by the plasma spray method are considerably rough 
and many irregularities and small cracks from which breaking of the particles may be started during use are formed in 
the surfaces, as shown in Figs. 1 0A and 1 0B. It is considered that such irregularities and cracks reduce the mechanical 
strength and promote the reduction in the particle size. 

25 EP-A-0 21 7 347 discloses that powders may be mechanically pulverised to produce powders of 1 -1 00 u.m diameter. 

These are highly irregular in shape and very acicular which does not lead to good packing qualities for its intended use. 

JP-A-62 290 807 discloses the production of a spheroidal powder magnetic alloy having more than one rare earth 
including Y by atomizing using centrifugal force a molten alloy. The obtained powder is used as a raw material for 
producing the permanent magnet. The spherical shape of the particles of the magnetic powder is to increase the 

30 sintering density when forming a sintered permanent magnet with improved magnetic properties. In case a plastic 
bonded permanent magnet is formed, the spherical shape of the particles is advantageous for increasing the proportion 
of the magnetic powder to be molded in the plastic resin, thereby providing a molded permanent plastic magnet having 
a high strength. The characteristics of the block-shaped permanent magnet to be aimed are magnetic properties as 
residual magnetic flux density (Br), maximum magnetic energy product (BH^^), coercive force (IHc) or the like. Such 

35 block-shaped permanent magnets are used for instance as materials for constituting a motor which requires a high 
magnetic power at normal working temperatures. Therefore, the Curie temperature of such permanent magnets is set 
to a point much higher than normal room temperature. The reason for this is that the magnetic properties such as 
coercive force are completely lost in case the rare earth metal magnetic alloys are used under a temperature condition 
higher than the Curie point. 

40 

Summary of the invention 

The present invention has been achieved to solve the problems as mentioned above and an object of the present 
invention is to provide a cold accumulating material improved in mechanical strength and in chemical stability, free 
45 from the risk of making the passage of the refrigerant difficult by being reduced in size during use, and capable of being 
produced from a raw material at a high yield in an economical way. 

A solution for this object is provided by a cold accumulating material according to the appended claim 1 . 

Claims 2 to 6 are directed towards advantageous embodiments of the inventive cold accumulating material. 

As stated in claim 7 it is of special advantage to use the inventive accumulating material for accumulating a cold 
50 jn an extremely low temperature range. 

In view of the above-described circumstances, the inventors of the present invention have repeatedly experimented 
and studied many factors of a deterioration in the performance of a refrigerator and of pulverization of the cold accu- 
mulating material, for example, the kinds of raw materials, the average size of cold accumulating material particles, 
and ratio of the major diameter to the minor diameter (aspect ratio) and so on, and have obtained an extremely low 
55 temperature cold accumulating material superior than the conventional material in mechanical strength and chemical 
stability by quenching and solidifying a molten metal of a raw material mainly constituted by rare earth elements and 
by setting the average particle size of particles thereby formed and the ratio of the major diameter to the minor diameter 
of the particles to suitable ranges. To improve the cold accumulating material in cold accumlating efficiency, it is nec- 
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essary to maximize the density at which the cold accumulating material is packed without increasing the resistance to 
the passage of the refrigerant flowing through the cold accumulating unit. The inventors of the present invention have 
found that for this purpose it is necessary to improve the roundness of each cold accumulating material particle to 
maximize the packing density and also necessary to minimize the surface roughness of the particles to reduce the 
area of contact between the particles. The present invention has been achieved based on these findings. 

The above and other objects features and advantages of the present invention including advantageous methods 
for manufacturing the inventive material will be made more apparent by the following description with reference to the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figs. 1 A and 1 B are an axial-sectional views of the packed structure of cold accumulating materials according to 
this invention; 

Fig. 2 is a perspective view of the construction of a particle manufacturing apparatus based on the rotary disk 
process (RDP) method; 

Fig. 3 is a perspective view of the construction of a particle manufacturing apparatus based on the single roll 
method; 

Fig. 4 is a sectional view of the construction of a particle manufacturing apparatus based on the double roll method; 
Fig. 5 is a sectional view of the construction of a particle manufacturing apparatus based on the inert gas atomi- 
zation method; 

Fig. 6 is a perspective view of the construction of a particle manufacturing apparatus based on the rotary nozzle 
method; 

Fig. 7 is an electron microscope photograph of the structure of magnetic particles prepared by the rotary disk 
process method; 

Figs. 8A and SB are graphs of characteristics of various types of cold accumulating materials represented by the 
volumetric specific heat with respect to temperatures; 
Fig. 9 is a sectional view of a plasma spray gun apparatus; 

Figs. 10A and 10B are electron microscope photographs of the structure of magnetic particles prepared by the 
plasma spray method; and 

Fig. 11 is an axial-sectional view of the construction of the GM refrigerator prepared for measuring refrigeration 
capacities of the cold accumulating materials prepared in each of the embodiments. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Rare earth elements (including yttrium (Y)) constituting an extremely low temperature cold accumulating material 
in accordance with the present invention are specifically indispensable for forming magnetic particles having a large 
volumetric specific heat in an extremely low temperature range below 10 K. One or two kinds of rare earth element 
are selected to form a cold accumulating material according to the temperature range in which the volumetric specific 
heat peaks. A rare earth element (A) combines with a metal (M) such as nickel, cobalt, or copper to form a magnetic 
compound (A.M Z ). A compound of a rare earth element erbium (Er) and nickel (Ni) has a particularly high density and 
has a volumetric specific heat greater than that of a compound constituted by Pb in an extremely low temperature 
range below 15 K. 

Aforesaid rare earth elements (A) may be added to the metal (M) in the form of a simple substance, but also may 
be added in the form of compound such as, boronite, sulfide, oxide, carbide and nitride of the rare earth elements. 
Even in the case of adding such a compound, same effects will be obtained. 

In accordance with the present invention, in magnetic particles formed as a cold accumulating material, the pro- 
portion of particles having a size of 0.01 to 3 mm to the whole of the magnetic particles is set to 70 % and more by 
weight. As shown in Fig. 1A, cold accumulating material 1a is, for example, packed in one packing layer 4a formed 
between mesh-like members 3a, 3b which are disposed respectively at inner end portions of a cold accumulating unit 
2a, or as shown in Fig. 1 B, cold accumulating material 1 b is packed in plurality of packing layers 4b, 4c formed between 
three mesh-like members 3c, 3d and 3e which are disposed with space in the cold accumulating unit 2b. 

Accordingly, "cold accumulating material comprising particles" described in this specification implies a group of 
particles which should be independently packed into each of the aforesaid packing layers 4a to 4c of the cold accu- 
mulating units 2a and 2b of the refrigerator. Hence, parts for supporting cold accumulating materials 1a and 1b such 
as mesh-like members 3a to 3e and a spring member 5 for supressing the meshlike member are not contained in the 
word of cold accumulating material. 

The size of the magnetic particles is a factor having a large influence upon the strength of the particles, the cooling 
functions and the heat transfer characteristics of the refrigerator. If the particle size is smaller than 0.01 mm, the density 
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at which the cold accumulating material is packed in the cold accumulating unit is so high that the resistance to the 
passage of He gas provided as a refrigerant is abruptly increased and that the cold accumulating material enters the 
compressor with the flowing He gas and produces wear on the parts thereof to reduce the life of the same. 

If the particle size is greater than 3 mm, there is a possibility of occurrence of segregation in the crystalline structure 

s of the particles which renders the particles brittle and, hence, a considerable reduction in the effect of heat transfer 
between the magnetic particles and the refrigerant, i.e., the He gas. Accordingly, the particle size is set to a range of 
0.01 to 3 mm or, more preferably, to a range of 0.1 to 2 mm. To attain practically sufficient cooling functions and strength 
of the cold accumulating material, the proportion of particles having this size must be set to at least 70 %. Preferably, 
it is set to 80 % or greater, more preferably, 90 % or greater. 

10 The ratio of the major diameter to the minor diameter (aspect ratio) of the magnetic particles in accordance with 

the present invention is not greater than 5, preferably, not greater than 2 or, more preferably, not greater than 1.3. The 
setting of the aspect ratio of the magnetic particles greatly influences the strength of the particles and the density at 
which the particles are packed in the cold accumulating unit. If the aspect ratio is greater than 5, the particles tend to 
break by mechanical actions and cannot be packed at a high density, resulting in a reduction in the cold accumlating 

is efficiency. 

If magnetic particles are formed by a molten metal quenching method, the dispersion of the particle size and the 
dispersion of the ratio of the major diameter to the minor diameter are remarkably reduced in comparison with the 
conventional plasma spray method. The proportion of magnetic particles out of the above range is thereby reduced. 
Even though the dispersions of the particle size and the major-minor diameter ratio are substantially large, it is easy 

20 to classify the particles for the desired use. In this case, the proportion of particles having sizes within the above range 
to the whole of the magnetic particles packed in the cold accumulating unit is set to 70 % or greater, preferably, 80 % 
or greater or, more preferably, 90 % or greater to obtain a cold accumlating material having a durability sufficient for 
practical use. It is possible to form, based on the molten metal quenching method, magnetic particles having extremely 
large strength and long life by setting the average crystal grain size of magnetic particles to 0.5 mm or smaller or by 

25 making at least part of the alloy structure amorphous. 

That is, as a grain boundary is not formed in a amorphous body, the amorphous body has excellent mechanical 
characteristics in such as corrosion resistance, strength or the like. When the amorphous body is used in a cold accu- 
mulating material, the material will be free from cracks and further pulverization, thus being more reliable. 

Also, as interatomic distances are distributed at random in the amorphous body, the distribution of interaction 

30 systems having an important effect upon a specific heat characteristic becomes broader, whereby excellent heat char- 
acteristics are obtained in the extremely low temperature range. 

Moreover, as a distribution of the composition in a amorphous body can be controlled continuously, a desired 
characteristic corresponding to a optional composition can be obtained freely. 

The surface roughness of the magnetic particles is a factor having a large influence upon the mechanical strength, 

35 cooling characteristics, the resistance to passage of the refrigerant, the cold accumlating efficiency and so on. This 
factor is determined by setting the maximum height of irregularities in accordance with JIS (Japanese Industrial 
Standard) B 0601 to 10 u. m or less, preferably, 5u, m or less or, more preferably, 2 u. m or less. The surface roughness 
is measured, for example, by a scanning tunnel microscope (STM roughness meter). If the surface roughness exceeds 
10u, m R max , the possibility of formation of microcracks from which breaking of the particles is started is increased and 

40 the resistance to passage of therefrigerant becomes larger to increase the compressor load. In particular, the area of 
contact between the packed magnetic particles is increased and the rate of transfer of cold heat between the magnetic 
particles is thereby increased, resulting in a reduction in the cold accumlating efficiency. 

In practice, the proportion of magnetic particles to the whole which particles have small defects having a length 
longer than 10 u. m and which influence the mechanical strength of the magnetic particles is set to 30 % or smaller, 

45 preferably, 20 % or smaller or, more preferably, 10 % or smaller. 

It has been confirmed by experiment that if each of the amounts of impurities inevitably mixed in the raw material 
metal and the amounts of impurities, such as oxygen, nitrogen, aluminum, silicon and hydrogen, inevitably mixed in 
the molten metal from a crucible and so on during the manufacture process is set to 2,000 ppm or less, formation of 
oxidized films can be prevented and the reduction in the strength of the magnetic particles can be limited. 

50 One important feature of the present invention resides in the magnetic particles used in accordance with the present 

invention are prepared by processing a molten metal containing predetermined rare earth elements based on a molten 
metal quenching method, e.g., the rotary disk process method, the single roll method, the double roll method, the inert 
gas atomization method, or the rotary nozzle method. 

Fig. 2 shows an example of a particle manufacturing apparatus based on the rotary disk process method (herein- 

55 after referred to as "RDP method"). This apparatus has a disk-like rotary body 10 disposed in a cooling chamber 9 
enclosing a helium gas atmosphere, and a pouring nozzle 1 3 which temporarily stores a molten metal 1 2 supplied from 
a ladle 11 and ejects the molten metal 12 onto a traveling surface of the disk-like rotary body 10. The disk-like rotary 
body 10 is formed of a ceramic or metallic material having a comparatively poor wetting property with respect to the 
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molten metal to prevent the molten metal 12 from attaching to and solidifying on the rotary body 10. 

The molten metal 12 ejected from the pouring nozzle 13 onto the traveling surface of the disk-like rotary body 10 
is finely dispersed by the kinetic force of the disk-like rotary body 10, is formed into spherical shapes by the surface 
tension while flying in the cooling chamber 9, and is cooled by the atmosphere gas, e.g., helium gas to be solidified, 
thereby being formed as spherical magnetic particles 14. The magnetic particles 14 thereby formed are received by a 
particle collecting container 1 5 disposed at the bottom of the cooling chamber 9. 

Fig. 3 shows an example of a particle manufacturing apparatus based on the single roll method. This apparatus 
has a atomizing roll 16 having a diameter of about 300 mm and having its surface coated with a fused ceramic, and a 
pouring nozzle 13 which temporarily accumulates a molten metal 12 supplied from a ladle 11 and thereafter ejects the 
molten metal 12 onto a traveling surface of the roll 16. The atomizing roll 16 and other components are housed in a 
cooling chamber 9 in which an inert gas atmosphere is maintained as in the case of the apparatus shown in Fig. 2. 
The number of revolutions of the atomizing roll 16 is set to 3000 to 5000 rpm. 

The molten metal 12 ejected from the pouring nozzle 13 is dispersed on the traveling surface of the roll 16, and 
is cooled and solidified while flying in the cooling chamber 9, thereby being formed as spherical magnetic particles 14. 

Fig. 4 shows an example of a particle manufacturing apparatus based on the double roll method. This apparatus 
has at least one pair of atomizing rolls 16a and 16b disposed in a cooling chamber 9 so that their traveling surfaces 
face each other, a smelting furnace 17 for melting a raw material metal to prepare a molten metal 12, and a pouring 
nozzle 13 which is supplied with the molten metal 12 through a tundish 18 and which ejects the molten metal 12 to a 
gap formed between the atomizing rolls 16a and 16b. Each of the atomizing rolls 16a and 16b facing each other has 
a diameter of about 50 mm and is formed of, for example, a metallic material. The surfaces of the atomizing rolls 16a 
and 16b are coated with a fused ceramic. The atomizing rolls 16a and 16b are capable of rotating at a high speed of 
about 5000 rpm while maintaining a small gap d of 0.05 to 0.5 mm between the traveling surfaces. 

Shape rolls with traveling surfaces having a U- or V-shaped cross section may be adopted as atomizing rolls 
instead of those having traveling surfaces parallel to the axes of rotation as shown in Fig. 4. 

If the gap d between the atomizing rolls 16a and 16b is excessively small, the shape of the magnetic particles 
becomes flake-like. Ordinarily, the gap d is set to about 0.2 mm. 

The molten metal 12 ejected from the pouring nozzle 13 toward the gap between the atomizing rolls 16a and 16b 
is finely dispersed by these rolls while being formed into spherical shapes, is cooled and solidified by an atmosphere 
gas while flying downward, thereby being formed as spherical or flat elliptical magnetic particles 1 4 which are collected 
in a particle collecting container 15, as in the case of the apparatus shown in Fig. 2 or 3. 

Fig. 5 shows an example of a particle manufacturing apparatus based on the inert gas atomization method. This 
apparatus has a smelting furnace 17a in which a raw material metal is heated and molten with a heater 19 to prepare 
a molten metal 1 2, a pouring nozzle 1 3 formed at the bottom of the smelting furnace 1 7a and having an inside diameter 
of about 2 mm, a plurality of inert gas nozzles 20 having orifices facing a position immediately below the lower opening 
end of the pouring nozzle 13 and capable of jetting a cooling inert gas such as argon gas, and an opening/closing 
valve 21 for opening or closing the pouring nozzle 13. 

The surface of the molten metal 12 prepared in the smetting furnace 17a is pressurized by the high pressure Ar 
gas supplied to the interior of the furnace to eject the molten metal 12 through the end opening of the pouring nozzle 
13. At this time, the inert gas, e.g., Ar gas, is jetted at a high speed through the inert gas nozzles 20 disposed so as 
to face in directions perpendicular to the direction in which the molten metal 12 is ejected. The molten metal 12 is 
thereby atomized and dispersed by the inert gas and is cooled and solidified while flowing downward along whirling 
flows of the inert gas, thereby being formed as spherical, cocoon-like or flat elliptical magnetic particles 14 which are 
collected in a particle collecting container 15. 

It is also possible to manufacture the extremely low temperature cold accumulating material in accordance with 
the present invention by using the rotary nozzle method, i.e., a type of molten metal quenching method. Fig. 6 shows 
an example of a particle manufacturing apparatus based on the rotary nozzle method. This apparatus has a rotary 
nozzle 21 formed of graphite, having a cylindrical shape closed at its bottom and having a diameter of about 100 mm. 
A multiplicity of fine ejection holes 22 are formed in a side surface of the rotary nozzle 21 to radially eject the molten 
metal 12 supplied from a ladle 11. The rotary nozzle 21 is rotated at a high speed of about 1000 rpm. The inside 
diameter of each ejection hole 22 is set to about 0.5 mm. 

The molten metal 12 supplied from the ladle 11 is poured into the rotary nozzle 21 rotating at the high speed, is 
ejected in radial directions through the ejection holes 22 by the centrifugal effect while being changed into fine molten 
metal particles, and is cooled and solidified by a cooling gas such as Ar gas while flying in a cooling chamber 9, thereby 
being formed as spherical or spheroidal magnetic particles 14. 

If the refrigerator is operated by using magnetic particles newly formed by quenching and solidifying a molten metal 
and directly packed in the cold accumulating unit, there is a possibility of the point (operating point) at which the volu- 
metric specific heat of the magnetic particles peaks is shrfted at an initial operation stage, resulting in a reduction in 
the operation stability. It is considered that this phenomenon is owing to a transition state of the crystlline structure of 
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the magnetic particles. 

To cancel this unstable state, the conventional method requires a troublesome operation of increasing and reducing 
the temperature of the prepared magnetic particles several times by heating and cooling through a temperature range 
between room temperature and the liquid helium temperature. 
5 However, an experiment relating to the present invention has revealed that the operating point can be stabilized 

by a stabilizing process based on heating at 200 to 800°C for 1 to 2 hours before magnetic particles newly prepared 
are used as a cold accumulating material. 

This stabilizing process enables the refrigerator in which a new cold accumulating material is packed to be operated 
with stability even at an initial operation stage, and makes it possible to immediately attain the desired performance of 
10 the refrigerator. 

In accordance with the extremely low temperature cold accumulating material and the manufacturing method of 
the present invention, as described above, rare earth elements having a large volumetric specific heat in an extremely 
low temperature range are used and a molten metal containing such elements is rapidly solidi- fied to form magnetic 
particles used as a cold accumulating material, thereby improving the cooling effect of the refrigerator in the extremely 

15 low temperature range. 

In particular, since the magnetic particles are prepared by a molten metal quenching method, there is substantially 
no possibility of occurrence of segregation in each particle or non-uniformity of the structure thereof. The mechanical 
strength and the chemical characteristics of the magnetic particles are therefore improved remarkably as compared 
with magnetic particles prepared by the conventional plasma spray method. Accordingly, the magnetic particles of the 

20 present invention are free from the risk of being finely pulverized and, hence, the risk of a reduction in the refrigerator 
performance even when used as a cold accumulating material for a long time. 

The magnetic particles of the present invention are generally spherical and their surfaces are formed specularly 
and very smoothly. It is thereby possible to set a high density at which the magnetic particles are packed in the cold 
accumulating unit as well as to greatly reduce the resistance to passage of the refrigerant. Substantially no defects 

25 including small cracks which make the particles breakable are formed in the particle surfaces. The life of the cold 
accumulating material is therefore remarkably extended. 

Moreover, the dispersion of the size of magnetic particles prepared by the molten metal quenching method and 
the dispersion of the ratio of the major diameter to the minor diameter thereof are extremely smaller than those attained 
by the conventional plasma spray method. Therefore, the need for classification is reduced and the yield of product 

30 particles relative to the raw material is increased to about 90 to 95 %, thereby remarkably reducing the manufacture 
cost of the cold accumulating material. 

EMBODIMENTS 

35 Examples of the present invention will now be described below. 

Examples 1 , Reference Examples 1 

Molten alloys defined by composition ratios ErNi 1/3 , ErNi, ErNi 2 , PrB 6 , Gdo 5 Er 0 5 Rh, Er 0 75 Dy 025 Ni 2 , Er 0 5 Dy 0 5 Ni 2 , 

40 DyNi 2 and GdRh were processed by quenching solidification using a particle manufacturing apparatus based on the 
RDP method such as that shown in Fig. 2. As processing conditions, the outside diameter of the disk-like rotary body 
was set to 80 mm and the number of revolutions thereof was set to 10000 rpm. Magnetic particles having a particle 
size of 100 to 300 u. m and having a major-minor diameter ratio of 1.00 to 1.02 were obtained at a rate of 90 % or 
higher by weight of each molten alloy. 

45 Fig. 7 shows the appearance of a typical example ErNi 1/3 (Er 3 Ni) among the magnetic particles thereby formed. 

The magnetic particles of each composition ratio have generally spherical shapes and the surfaces thereof were spec- 
ularly smooth, as shown in Fig. 7. 

The volumetric specific heats of the obtained magnetic particles were measured. The characteristic values shown 
in Figs. 8A and 8B were thereby obtained. 

50 The magnetic particles in accordance with each example were packed in a cold accumulating unit of a refrigerator 

at a packing rate of 69 % close to the maximum packing rate, and the resistance to the passage of helium gas flowing 
through the cold accumulating unit was measured after cycles of a GM refrigeration operation continuously performed 
for 500 hours by supplying a helium gas having a heat capacity of 25 J/K at a mass flow rate of 3 g/sec and at a gas 
pressure of 16 atm. As a result, the rate at which the passage resistance was increased from the start of the operation 

55 was not higher than 1 % with respect to each example. 

Magnetic particles prepared by the conventional plasma spray method as Reference Examples 1 were packed as 
a cold accumulating material and the refrigerator was operated under the same conditions for 500 hours. In this case, 
the increase in the He gas passage resistance was 40 to 50 %. 
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After the operation for 500 hours, particles in accordance with each of the examples of the present invention and 
the reference examples were taken out of the cold accumulating unit to be examined. No pulverized state was observed 
with respect to the examples of the present invention. In the case of the reference examples, the proportion of finely 
pulverized particles was about 1 0 to 20 %. 

It was also confirmed that the refrigerant passage resistance immediately after the start of the operation in the 
case of each example of the present invention was smaller by about 10 % in comparison with Reference Examples 1 , 
and that the pressure loss in the system was thereby reduced. 

Examples 2 

Molten alloys defined by the same composition ratios as Examples 1 were processed by quenching solidification 
using a particle manufacturing apparatus based on the single roll method such as that shown in Fig. 3. As processing 
conditions, the outside diameter of the pulverizing roll was set to 300 mm and the number of revolutions thereof was 
set to 3000 rpm. Magnetic particles having a particle size of 100 to 300u. m and having a major-minor diameter ratio 
(aspect ratio) of 1 .05 to 1 .3 were thereby obtained at a yield of B0 % or higher. 

Most of the obtained magnetic particles were generally spherical and some of them were elliptical. However, the 
surface of each particle was formed specularly and smoothly. 

The magnetic particles in accordance with each of Examples 2 were packed in the cold accumulating unit of the 
GM refrigerator at the same density as Examples 1, and the refrigerator was operated in the same manner. The re- 
frigerant passage resistance immediately after the start of the operation was reduced by 7 to 8 % in comparison with 
Reference Examples 1. The passage resistance was also measured after 500 hour operation performed under the 
same conditions as Examples 1. As a result, no increase in the passage resistance was recognized and no progress 
in pulverization of the magnetic particles was observed. 

Examples 3 

Molten alloys defined by the same composition ratios as Examples 1 were processed by quenching solidification 
using a particle manufacturing apparatus based on the double roll method such as that shown in Fig. 4. As processing 
conditions, the diameter of the pulverizing rolls was set to 50 mm, the number of revolutions thereof was set to 5000 
rpm, and the gap d was set to 0.2 mm. Magnetic particles having a particle size of 100 to 300u. m and having a major- 
minor diameter ratio of 1 .02 to 2.5 were thereby obtained at a yield of 80 % or higher. 

Most of the obtained magnetic particles were generally spherical and some of them were elliptical. However, the 
surface of each particle was formed specularly and smoothly. 

The magnetic particles in accordance with each of Examples 3 were packed in the cold accumulating unit of the 
GM refrigerator at the same density as Examples 1, and the refrigerator was operated in the same manner. The re- 
frigerant passage resistance immediately after the start of the operation was reduced by 6 % in comparison with Ref- 
erence Examples 1 . The passage resistance was also measured after 500 hour operation performed under the same 
conditions as Examples 1. As a result, no increase in the passage resistance was recognized and no progress in 
pulverization of the magnetic particles was observed. 

Examples 4 

Molten alloys defined by the same composition ratios as Examples 1 were processed by quenching solidification 
using a particle manufacturing apparatus based on the inert gas atomization method such as that shown in Fig. 5. The 
processing conditions were set as follows: the inside diameter of the pouring nozzle was 2 mm, two inert gas nozzles 
having an inside diameter of 1 mm were provided, and the pressure of argon gas provided as an inert gas jetted through 
the nozzles was set 4 kg/cm 2 . Magnetic particles having a particle size of 100 to 300 ujti and having a major-minor 
diameter ratio of 1 .0 to 4 were thereby obtained at a yield of 70 % or higher. 

Most of the obtained magnetic particles were generally spherical and some of them had elliptical, flat or asteroid 
shapes. However, the surface of each particle was formed specularly and smoothly. 

The magnetic particles in accordance with each of Examples 4 were packed in the cold accumulating unit of the 
GM refrigerator at the same density as Examples 1, and the refrigerator was operated in the same manner. The re- 
frigerant passage resistance immediately after the start of the operation was reduced by 2 to 3 % in comparison with 
Reference Examples 1. The passage resistance was also measured after 500 hour operation performed under the 
same conditions as Examples 1. As a result, no increase in the passage resistance was recognized and no progress 
in pulverization of the magnetic particles was observed. 
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Examples 5 

Molten alloys defined by the same composition ratios as Examples 1 were processed by quenching solidification 
using a particle manufacturing apparatus based on the rotary nozzle method such as that shown in Fig. 6. The process- 
5 ing conditions were set as follows: the inside diameter of the rotary nozzle was 100 mm, the number of revolutions 
thereof was 1000 rpm, and the inside diameter of the ejection holes was 0.5 mm. Magnetic particles having a particle 
size of 100 to 300 u, m and having a major-minor diameter ratio of 1 .05 to 1 .1 were thereby obtained at a yield of 90 
% or higher. 

Most of the obtained magnetic particles were generally spherical and some of them were elliptical. However, the 
10 surface of each particle was formed specularly and smoothly. 

The magnetic particles in accordance with each of Examples 5 were packed in the cold accumulating unit of the 
GM refrigerator at the same density as Examples 1, and the refrigerator was operated in the same manner. The re- 
frigerant passage resistance immediately after the start of the operation was reduced by 10 % in comparison with 
Reference Examples 1. The passage resistance was also measured after 500 hour operation performed under the 
is same conditions as Examples 1 . As a result, no increase in the passage resistance was recognized and no progress 
in pulverization of the magnetic particles was observed. 

Examples 6, Reference Examples 2 

20 Examples 6 were prepared by heating the magnetic particles in accordance with Examples 1 to 5 at 300° C for 2 

hours for stabilization, while Reference Examples 2 were prepared by using the same magnetic particles without sta- 
bilizing these particles. Each example was packed in the cold accumulating unit of the GM refrigerator at the same 
density and the refrigerator was operated, thereby comparing the starting characteristics. 

As a result, in the case of the former, the operating point was stabilized in about one hour after the start of the 

25 operation. In the case of the latter, the operating point was changed with respect to time and the time taken to attain 
the predetermined cooling effect was 5 hours. 

For the above-described examples, rare earth elements having large volumetric specific heats in an extremely low 
temperature range and capable of attaining superior cold accumulating effects were used. However, the method of 
manufacturing the extremely low temperature cold accumulating material in accordance with the present invention can 

30 be applied to the manufacture of magnetic particles containing some of gadolinium-rhodium (Gd-RH), Gadolinium-Er- 
bium-Rhodium (Gd-Er-Rh), various transition elements and rare earth elements apart from the above-metioned mag- 
netic particle raw materials. 

Examples 7-10, Reference Examples 3-7 

35 

Molten alloy having a composition Er 3 Ni was processed by quenching solidification using a particle manufacturing 
apparatus based on the RDP method such as that shown in Fig. 2, whereby magnetic particles having a surface 
roughness of 1u. m, an average crystal grain size of 5u, m and amorphousizing ratio of 0 % were obtained as shown 
in the left column of Table 1. Then, the magnetic particles were classified into several particle groups so that each of 

40 the proportions of the magnetic particle groups having a particle size of 0.1 to 2 mm were 60, 75, 80 % by weight, and/ 
or classified into several particle groups so that the proportions of the magnetic particle groups having aspect ratios 
of 1 .3 or less were 60, 75, 80 % by weight, respectively. 

Then, cold accumulating materials with respect to the Examples 7-10 and the Reference Examples 3-7 were pre- 
pared by using each of the particle groups. 

45 The cold accumulating materials 1c— in accordance with each example were packed in a GM refrigerator for the 

purpose of testing, and the refrigeration capacity of each materials was measured. 

By the way, the GM refrigerator applied for testing the refrigeration capacity comprises, as shown in Fig. 11 , outer 
shells 32 and 33 disposed directly in a vacuum vessel 31, a first cold accumulating unit 34 and a second cold accu- 
mulating unit 35 which are slidably arranged in the outer shell 32 and 33, respectively, Cu mesh-like member 36 packed 

50 in the first cold accumulating unit 34 as a first cold accumulating material, a second cold accumulating material 1c — 
of each example packed in the second cold accumulating unit 35, and a compressor for supplying He gas to the outer 
shell 32. 

A seal-ring 38 is disposed between the outer shell 32 and the first cold accumulating unit 34, while a seal-ring 39 
is disposed between the outer shell 33 and the second accumlating unit 35. A first expansion chamber 40 is formed 
55 between the outer shell 32 and the first cold accumulation unit 34, while a second expansion chamber 41 is formed 
between the outer shell 33 and the second cold accumulating unit 35. A first cooling stage 42 and a second cooling 
stage 43 are formed at the bottom portions of the first and second expansion chambers 40 and 41 , respectively. 

Moreover, in order to measure characteristics of the cold accumulating material with each example, a resistive 
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thermometer (carbon black resistor) 44 for measuring a temperature of the second cooling stage 43 and a heater 45 
for supplying thermal load to the second cooling stage 43 are provided on the second cooling stage 43. 

In the case of measuring a refrigeration capacity of the cold accumulating materials 1 c - v the Cu mesh-like member 
36 was packed in the first cold accumulation unit 34 while each of the sample of cold accumulating materials 1c - was 
packed in the second cold accumulating unit 35. The GM refrigerator 30 was operated at about 60 cycles per minute. 
The compressed He gas by the compressor 37 at the pressure of 20 atms took place repeatedly adiabatic expansion 
at the first and second expansion chamber 40 and 41 to generate cold. Generated cold was accumulated in the Cu 
mesh-like member 36 and cold accumulating materials 1c. 

In the embodiments according to this invention, refrigeration capacity was measured by loading a thermal load to 
the second cooling stage 43, and the refrigeration capacity was defined as a thermal load at the time when a temperature 
rise of the second cooling stage 43 stopped at 6 degree (K). That is, a thermal load at 6K was measured as a refrigeration 
capacity. 

Then refrigeration capacities of each of the cold accumulating materials with respect to the Examples 7-10 and 
Reference Examples 3-7 were measured in such a manner described above, and results are shown in right column of 
the Table 1 . 

As is clear from the results shown in Table 1, cold accumulating materials with respect to the Examples 7-10 of 
which the proportion of the particles having a particle size of 0.1 to 2 mm is 70 wt% and more, and the proportion of 
the particles having an aspect ratio of 1.3 or less is 70 wt % and more, have an excellence in refrigeration capacity 
While the refrigeration capacities of the cold accumulating materials with respect to the Reference Examples 3-7 which 
was lacking in either of the conditions described above, are decreased. 

Examples 11-17, Reference Examples 8-9 

The magnetic particles having a composition of Er 3 Ni prepared in the Examples 7-10 were divided into two particle 
groups so that the proportions of the particles having a particle size of 0.1 to 2 mm and of 0.01-3 mm were 80 wt% 
and more, respectively. Aspect ratios and proportions of each of the particle groups were controlled respectively to 
values shown in left column of the Table 1. The cold accumulating material with respect to Examples 11-17 and Ref- 
erence Examples 8-9 were prepared by using each of the particle groups. 

The cold accumulating materials were packed in the GM refrigerator 30 shown in Fig. 11 and the refrigeration 
capacities thereof were measured in the same manner as Examples 7. The results are shown in right column of Table 1 . 

As is apparent from Table 1, cold accumulating material with respect to Examples 11-17 which are composed of 
particles having a small aspect ratio and a high sphericity have excellent refrigerating capacities in comparison with 
Reference Examples 8-9. 

Examples 18-19, Reference Example 10 

Molten alloy having a composition Er 3 Ni was processed by quenching solidification utilizing the RDP method, 
whereby magnetic particles having a surface roughness of 3u, m (R max ), an average crystal grain size of 5ji m, an 
amorphousizing ratio of 0 %, a proportion of the particles having a particle size of 0. 1 -2 mm was 80 wt% and a proportion 
of the particles having a aspect ratio of 1 .3 or less was 80 wt% were obtained. Then cold accumulating material was 
prepared by using aforementioned particles as Example 1 8. 

Next, the particles prepared in the Example 18 were subjected to etching treatment so that the surface roughness 
thereof was controlled to 8 u. m and 15ji m, respectively. The cold accumulating materials were prepared as Example 
1 9 and Reference Example 10 by using the respective particles having different surface roughness. 

Then, the refrigerating capacity of each of cold accumulating materials was measured in the same manner as in 
Example 7 and results are shown in right column of Table 1 . 

In this time, surface roughness was measured by using a scanning tunnel microscope (STM roughness meter), 
and values of roughness were expressed as a maximum height R max of irregularities in accordance with JIS (Japanese 
Industrial Standard) B 0601. 

As is clear from Table 1, refrigerating capacity of a cold accumulating material is more improved as the surface 
roughness thereof becomes smaller. 

Examples 20-23, Reference Example 11 

Molten alloy having a composition Er 3 Ni was processed by quenching solidification using a particle manufacturing 
apparatus based on the RDP method. The processes were carried out using He gas, high pressurized Ar gas and low 
pressurized Ar gas as cooling gasses, respectively. Three kinds of magnetic particles having an average crystal grain 
size of 5, 50 and 200p. m were obtained, respectively. Then, each kind of the particles was controlled so that proportion 
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of the particles having a particle size of 1-1 .2 mm was 80 wt% and proportion of the particles having an aspect ratio 
of 1.3 or less was BO wt%. The cold accumulating materials were prepared as Examples 20-22 by using each kind of 
the particles. 

On the other hand, particles were manufactured under vacuum condition by utilizing RDP method. The obtained- 
5 particles have an average particle size of 500j_i m. The distributions of particle size and aspect ratio of the particles 
were the same as those of Examples 20-22. Then, cold accumulating material was prepared as Example 23 by using 
the particles. 

Furthermore, the cold accumulating material prepared in Example 23 was heat treated to produce particles having 
a large crystal grain size. The thus produced particles having an average crystal grain size of 600ujti were formed into 
10 a cold accumulating material of Reference Example 11 . 

Each of the cold accumulating materials in accordance with Examples 20-23 and Reference Example 11 was 
packed in the GM refrigerator 30, and refrigerating capacities were measured in the same manner as in Example 7. 
The results are shown in right column of Table 1 . 

As is apparent from Table 1, the refrigerating capacities of the cold accumulating materials in accordance with 
75 Examples 20-23 which are composed of the particles having an average crystal grain size of 0.5 mm or less are about 
three times greater than that of Reference Example 11 which is composed of particles having large crystal grain size. 

Examples 24-28, Reference Example 1 2 

20 Particles were manufactured by utilizing either RDP method or double role method. Then a part of the manufactured 

particles were subjected to etching treatment to increase surface roughness thereof. As the result, six kinds of particles 
having respective compositions, surface roughness, average crystal grain sizes and amorphou sizing ratios shown in 
Table 1, were obtained. Cold accumulating materials were then prepared as Examples 24-28 and Reference Example 
12 by using each kind of particles. 

25 Refrigeration capacity of each of the cold accumulating materials was measured in the same manner as in the 

Example 7. The results are shown in Table 1. 

As is clear from the results shown in Table 1, specific heat characteristics of the cold accumulating materials 
(Examples 20-23) composed of HoCu 2 particles are considerably improved with increase of ratio of amorphous phase 
in the particles, resulting in a considerable increase of refrigeration capacity. 

30 Even in the case that the values of surface roughness are the same, the cold accumulating materials of Example 

28 having an amorphous phase in the particles has a excellent refrigerating capacity twice greater than that of Refer- 
ence Example 12. 

Example 29 

35 

As a Example 29, molten metal comprising neodymium (Nd) having a purity of 99.9 % was processed by quenching 
solidification using a particle manufacturing apparatus based on the REP (Rotating Electrode Process) method. 

By the way, REP method is a particle manufacturing method comprising the steps of: preparing a solid-like rotating 
electrode formed of particle materials; supply inga high temperature flow to the rotating electrode being rotated at a 
40 high speed; melting the particle materials to form molten metal and simultaneously dispersing the molten metal; and 
rapidly cooling and solidifying the molten metal in an inert gas atmosphere to form fine spherical particles. Wherein, 
inert gases such as He gas having a considerable cooling effect are generally used in the method. 

As processing condition in this Example, the outside diameter of the rod-shaped rotating electrode was set to 20 
mm, length of the rotating electrode was set to 1 50 mm and the number of revolutions thereof was set to 30,000 rpm, 
45 respectively. 

As the result, magnetic particles having a particle size of 0.1 to 2 mm and having a aspect ratio of 1 .3 or less were 
thereby obtained at a yield of 80 % or higher with respect to the total amount of the molten metal.. 

Each of the obtained magnetic particles has an almost spherical shape, and the surface of each particle was 
formed specularly and smoothly. The average crystal grain size in each particle was 50p. m. 
so The thus obtained particles were formed into a cold accumulating material. After the cold accumulating material 

was packed in the GM refrigerator 30, refrigeration capacity of the material was measured in the same manner. The 
result is shown in Table 1 represented hereunder. 
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As is apparent from Table 1 , refrigerating capacity of the cold accumulating material in accordance with Example 
29 was 3.1 W. Accordingly, it is comfirmed that the cold accumulating efficiency is 5 times and more greater in com- 
parison with that of conventional popular cold accumulating materials. 

In accordance with the cold accumulating material and the manufacture method of the present invention, as de- 
scribed above, rare earth elements having a large volumetric specific heat in an extremely low temperature range are 
used and a molten metal containing such elements is rapidly solidified to form particles used as a cold accumulating 
material, thereby improving the cooling effect of the refrigerator in the extremely low temperature range. 

In particular, since the magnetic particles are prepared by a molten metal quenching method, there is substantially 
no possibility of occurrence of segregation in each particle or non -uniformity of the structure thereof. The mechanical 
strength and the chemical characteristics of the magnetic particles are therefore improved remarkably as compared 
with magnetic particles prepared by the conventional plasma spray method. Accordingly, the magnetic particles of the 
present invention are free from the risk of being finely pulverized and, hence, the risk of a reduction in the refrigerator 
performance even when used as a cold accumulating material for a long time. 

The particles of the present invention are generally spherical and their surfaces are formed specularly and very 
smoothly. It is thereby possible to set a high density at which the magnetic particles are packed in the cold accumulating 
unit as well as to greatly reduce the resistance to passage of the refrigerant. Substantially no defects including small 
cracks which make the particles breakable are formed in the particle surfaces. The life of the cold accumulating material 
can therefore be remarkably extended. 

Moreover, the dispersion of the size of magnetic particles prepared by the molten metal quenching method and 
the dispersion of the ratio of the major diameter to the minor diameter thereof are extremely smaller than those attained 
by the conventional plasma spray method. Therefore, the need for classification is reduced and the yield of product 
particles relative to the raw material is increased to about 90 to 95 %, thereby remarkably reducing the manufacture 
cost of the cold accumulating material. 



Claims 



A cold accumulating material with a local maximum of its volumetric specific heat curve in an extremely low tem- 
perature range comprising: 

a set of particles having a total weight, packed in a gas permeable package wherein each particle contains 
at least one kind of rare earth element selected from a group consisting of yttrium (Y), lanthanum (La), cerium 
(Ce), praseodymium (Pr), neodymium (Nd), promethium (Pm), samarium (Sm), europium (Eu), gadolinium (Gd), 
terbium (Tb), dysprosium (Dy), holmium (Ho), erbium (Er), thulium (Tm), and ytterbium (Yb), at least 70% of said 
total weight is comprised of particles having a particle size of 0.01 to 3 mm and at least 70% of said weight is 
comprised of particles which each have a major diameter to a minor diameter that is not greater than 5. 

A cold accumulating material according to claim 1 comprising : 

a set of particles, the surface roughness of said particles being not greater than lOpm in terms of maximum 
he »9ht R ma x 

A cold accumulating material according to claim 1 or 2, wherein an average crystal grain size of the particles is 
0.5 mm or smaller. 



4. A cold accumulating material according to claim 1 or 2, wherein at least a part of an alloy structure of said particles 
is formed of an amorphous phase. 

5. A cold accumulating material according to claim 1 or 2, wherein the proportion of particles having small defects 
having a length of 1 0 urn or longer is 30% or smaller by weight relative to the whole of said particles. 

6. A cold accumulating material according to claim 1 or 2, wherein the content of each of impurities including O, N, 
Al, Si and H contained in said particles is 2000 ppm or less. 

7. Use of a cold accumulating material according to any of claims 1 to 6 for accumulating a cold. 



Patentanspruche 



1. Kaltespeichermaterial mit einem lokalen Maximum seiner Kurve volumeterischer spezifischer Warme in einem 
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extrem niedrigen Temperaturbereich, enthaltend: 

einen Satz von Teilchen mit einem Gesamtgewicht, welcher Satz in einer gasdurchlassigen Packung gepackt 
ist, wobei jedes Teilchen wenigstens eine Art von aus einer Gruppe gewahltem Seltenerdelement enthalt, welche 
Gruppe besteht aus Yttrium (Y), Lanthan (La), Cer (Ce), Praseodym (Pr), Neodym (Nd), Promethium (Pm), Sa- 
5 marium (Sm), Europium (Eu), Gadolinium (Gd), Terbium (Tb), Dysprosium (Dy), Holmium (Ho), Erbium (Er), Thu- 

lium (Tm) und Ytterbium (Yb), wobei wenigstens 70 % des besagten Gesamtgewichts aus Teilchen mit einer Teil- 
chengroBe von 0,01 bis 3 mm besteht und wenigstens 70 % des besagten Gewichts aus Teilchen besteht, die 
jedes ein Durchmesserverhaltnis zwischen groBem Durchmesser und kleinem Durchmesser nicht grofcer als 5 
haben. 

70 

2. Kaltespeichermaterial nach Anspruch 1 , enthaltend einen Satz von Teilchen, deren Oberflachenrauhigkeit, bezo- 
gen auf die maximale Hone R max , nicht groGer als 10 jam ist. 

3. Kaltespeichermaterial nach Anspruch 1 Oder 2, wobei eine durchschnittliche KristallkorngroBe der Teilchen 0,5 
*5 mm oder weniger betragt. 

4. Kaltespeichermaterial nach Anspruch 1 oder 2, wobei wenigstens ein Teil einer Legierungsstruktur der Teilchen 
von einer amorphen Phase gebildet ist. 

20 5. Kaltespeichermaterial nach Anspruch 1 oder 2, wobei der Anteil von Teilchen mit kleinen Fehlem mit einer Lange 
von 10 ujti oder langer relativ zur Gesamtheit der Teilchen 30 Gew.-% oder weniger betragt. 

6. Kaltespeichermaterial nach Anspruch 1 oder 2, wobei der Gehalt jeder der Verunreinigungen, enthaltend O, N, Al, 
Si und H, die in den Teilchen enthalten sind, 2000 ppm oder weniger betragt. 

25 

7. Verwendung eines Kaltespeichermaterials nach einem der Anspruche 1 bis 6 zum Speichern von Kalte. 



Revendications 

30 

1. Materiau d'accumulation du froid presentant un maximum local de sa courbe de chaleur specifique volumetrique 
sur une plage de temperature extremement basse, comportant: 

un ensemble de particules presentant un poids total, tassees en une masse tassee permeable au gaz, chaque 
particule contenant au moins un type d'un element des terres rares choisi dans un groupe constitue de ryttrium 
35 (Y), le lanthanum (La), le cerium (Ce), le praseodymium (Pr), le neodymium (Nd), le promethium (Pm), le samarium 

(Sm), I'europium (Eu), le gadolinium (Gd), le terbium (Tb), le dysprosium (Dy), Tholmium (Ho), Terbium (Er), le 
thulium (Tm) et Tytterbium (Yb), au moins 70% dudit poids total etant constitues de particules d'une dimension de 
particule de 0,01 a 3 mm et au moins 70% du poids total etant constitues de particules d'un rapport entre le grand 
diametre et le petit diametre non superieur a 5. 

40 

2. Materiau d'accumulation du froid selon la revendication 1, comportant: 

un ensemble de particules, la rugosite de surface desdites particules etant non superieure a 1 0 ujti en termes 
de la hauteur maximale R max . 

45 3. Materiau d'accumulation du froid selon la revendication 1 ou 2, dans lequel une dimension moyenne du grain 
cristallin des particules est 0,5 mm ou moins. 

4. Materiau d'accumulation du froid selon la revendication 1 ou 2, dans lequel au moins une partie d'une structure 
d'alliage desdites particules est formee d'une phase amorphe. 

50 

5. Materiau d'accumulation du froid selon la revendication 1 , dans lequel la proportion de particules presentant des 
petits defauts d'une longueur de 10 pm ou davantage est de 30% ou moins en poids par rapport a I'ensemble 
desdites particules. 

55 6. Materiau d'accumulation du froid selon la revendication 1 ou 2, dans lequel la teneur de chacune des impuretes 
incluant O, N, Al, Si et H contenues dans lesdites particules est 200 ppm ou moins. 

7. Emploi d'un mateYiau d'accumulation du froid selon I'une quelconque des revendications 1 a 6 pour accumuler du 
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FIG. 5 
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FIG. 8B 
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FIG.10B 

PRIOR ART 



26 



EP0 411 591 B1 




THIS PAGE LEFT BLANK 



